Computer simulations of peritoneal fluid transport in CAPD. To model the changes in intraperitoneal dialysate volume (IPV) occurring over dwell time under various conditions in Continuous ambulatory peritoneal dialysis (CAPD), we have, using a personal computer (PC), numerically integrated the phenomenological equations that describe the net ultrafiltration (UF) flow existing across the peritoneal membrane in every moment of a dwell. Computer modelling was performed according to a three-pore model of membrane selectivity as based on current concepts in capillary physiology. This model comprises small "paracellular" pores (radius 47 A) and "large" pores (radius 250 A), together accounting for 98% of the total UF-coefficient (LS), and also "transcellular" pores (pore radius 4 to 5 A) accounting for 1.5% of LS. Simulated curves made a good fit to IPV versus time data obtained experimentally in adult patients, using either 1.36 or 3.86% glucose dialysis solutions, under control conditions; when the peritoneal UF-coefficient was set to 0.082 mI/mm/mm Hg, the glucose reflection coefficient was 0.043 and the peritoneal lymph flow was set to 0.3 mI/mm. Also, theoretical predictions regarding the IPV versus time curves agreed well with the computer simulated results for perturbed values of effective peritoneal surface area, LS, glucose permeabilitysurface area product (PS or "MTAC"), intraperitoneal dialysate volume and dialysate glucose concentration. Thus, increasing the peritoneal surface area caused the IPV versus time curves to peak earlier than during control, while the maximal volume ultrafiltered was not markedly affected. However, increasing the glucose PS caused both a reduction in the IPV versus time curve "peak time" and in the "peak height" of the curves. The latter pattern was also seen when the dialysate volume was reduced. It is suggested that computer modelling based on a three-pore model of membrane selectivity may be a useful tool for describing the IPV versus time relationships under various conditions in CAPD.
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The exchange characteristics of the peritoneal membrane vary greatly among individual patients on continuous ambulatory peritoneal dialysis (CAPD) [1, 2] . After years of PD treatment many patients develop an increased peritoneal glucose clearance, which will reduce their capacity of removing fluid by ultrafiltration (osmosis), on ordinary dialysis prescriptions [3] [4] [5] [6] [7] . To manage these patients it is essential to have knowledge of the factors that determine the exchange of fluid across the peritoneal membrane, and hence, the variation in intraperitoneal dialysate volume (IPV) over cycle time.
In a previous study we have discussed the principal phenomenological membrane coefficients necessary to describe the IPV versus time relationships under ordinary conditions [8] . The major factors affecting the IPV versus time curves are: the peritoneal osmotic conductance to glucose, that is, the product of the peritoneal UF-coefficient (LS) and the glucose osmotic reflection coefficient (o)', the glucose permeability surface area product (PSg), the peritoneal lymph flow (L), and finally, the intraperitoneal glucose concentration and dialysate volume at the start of each cycle, respectively [8] [9] [10] [11] .
From the phenomenological equations described previously [8] it is possible to predict in approximate terms how the IPV versus time curve during a single dwell will vary in response to variation in the factors mentioned above. In the present paper we deal with the issue more pragmatically, using a personal computer (PC) to simulate IPV versus time curves under standard conditions and for perturbed values of effective pentoneal surface area, peritoneal UF-coefficient, glucose masstransfer area coefficient (MTAC or PS), dialysate volume, etc. Model parameters for these computer simulations are based on a "three-pore" model of membrane selectivity presented previously and derived from capillary physiology [12] [13] [14] [15] . This model has proven to be a useful tool for describing transvascular and transperitoneal exchange of small and large solutes. According to the model the peritoneum behaves as a membrane having a large number of "small pores" (radius 40 to 60 A), accounting for 90 to 95% of the total hydraulic conductance (UF-coefficient), and a very low number (I part per 15,000 small pores) of "large pores" (radius 200 to 300 A), accounting for approximately 5% of the peritoneal UF-coefficient [12, 13] . In addition, a third transperitoneal exchange route is predicted to exist, namely a transcellular ("ultra-small" pore) pathway, accounting for I to 2% of the total UF-coefficient and having an approximate pore radius of 4 to 5 A [12, [14] [15] [16] .
Methods

Theory
During a peritoneal dialysis dwell the instantaneous net volume flow occurring through the peritoneal membrane / dV 1JV can be described according to the following phenomenological equation [17] :
where LS has been defined above and where zP represents the mean hydrostatic pressure difference between the blood capillanes and the penitoneal cavity. ATprot is the transperitoneal colloid osmotic pressure difference caused by the plasma proteins, and °prot and o represent the average osmotic reflection coefficients for total protein and glucose across the penitoneum, respectively. zir8 is the ideal peritoneal crystalloid osmotic pressure difference exerted by glucose across a semipermeable membrane. The fourth term in the parenthesis denotes the sum of all other "effective" crystalloid osmotic gradients acting across the peritoneal membrane. Finally, L represents the lymph flow from the penitoneal cavity to the blood, whereas V stands for volume and t for time.
The crystalloid osmotic pressure differences acting across the penitoneal membrane initially after infusion of a (glucose) dialysis solution into the peritoneal cavity, iir and, 1ri will dissipate exponentially with time due to solute diffusion across the membrane [8] [9] [10] [11] 18] . Hence, equation 1 contains several exponential crystalloid osmotic pressure terms, having the "lumped" rate constant "k" (min). The other terms, (P, 0prot Tprot, and L) will, however, remain more or less constant over time during a dwell. Assuming that equation 1 contains one "lumped" exponential term, describing the dissipation of the effective osmotic gradients acting across the peritoneum, and a number of constants, it can be integrated analytically [18] yielding:
where V represents the drained dialysate volume, expressed as a function of time. V0 is the volume instilled at time zero, and a1, a2 and k are some arbitrary coefficients that determine the change occurring in V as a function of time.
Stelin and Rippe [8] showed that if glucose acts as the major crystalloid osmotic agent during CAPD, which is a reasonable assumption, then
where PSg is the glucose mass transfer area coefficient (MTAC), iCg0 is the transperitoneal glucose concentration gradient existing at time zero and V represents the mean i.p. volume during the dwell. The coefficient a1 represents the maximal fluid volume that can be transported into the peritoneal cavity by glucose-induced osmosis during a dwell, when both lymphatic and capillary fluid absorption to the blood are set to zero. Thus a1 describes the "height" of the V (or IPV) versus time curve. Furthermore, "k" approximately equals PSg/V. It was also shown previously [8] that the time at which the V1 curve peaks (tpeak) is inversely proportional to "k", or in terms of PS and V: tpeak (4) (2) Note also that the absorption of fluid from the peritoneal cavity to the blood (a2) is dependent on the sum of the peritoneal lymph flow (L) and the capillary fluid absorption due to LS and the capillary "Starling forces", that is, the "effective" transperitoneal colloid osmotic pressure difference and the transpenitoneal hydrostatic pressure difference [8, 12, 19, 20] : a2 = LS (0prot1Tprot -iSP) + L (5) 
Computation techniques
In this paper we have tested the validity of equations 2 to 5 by (3) numerically integrating equation 1 using a personal computer (Casio FX-860 P). A step-wise iterative procedure was employed for the integration, using the parameters listed in Table  1 . Parameter values including those for L.1Tprot, P, L and LS were taken from our previous studies [8, 12] . Crystalloid osmotic gradients for glucose, urea, sodium and "sodium anions" (lactate, chloride) were taken into account, but those for potassium, magnesium, phosphate, etc., were neglected. Reflection coefficients for all solutes in the transcellular pathway were set to 1. A majority of simulations were performed for 3.86% glucose in the dialysis fluid infused. V The iterative procedure followed included: 1) computation of the i.p. concentrations of glucose, urea and sodium (+chloride) at the start of a time interval (st) of iteration (1 mm); 2) assessment of the transperitoneal volume flow (J) during that period; 3) computation of the increment in peritoneal volume (V) during zt; 4) calculation of the new IPV [V(t + st)]; and 5) starting a new iteration. Each iteration step can be described by:
where u, Na and an stand for urea, sodium and its anions (chloride and lactate), respectively. With negligible error, the sum of the last two crystalloid osmotic transients within parenthesis can be numerically treated as twice the sodium osmotic transient. This approach was taken in this study. The crystalloid osmotic gradients included in equation 6, that is, 'Na and Tan, all change with time during the course of the dialysis (see eq. 9) as indicated in the equation. The change in zP (in mm Hg) with intraperitoneal volume (V) in this study [denoted P(V)] was simulated according to the relationship between intraperitoneal pressure and dialysate volume obtained by Twardowski et a! for the sitting position [21] :
where zP(V0) was set to 9 mm Hg and V0 to 2,050 ml.
Furthermore, according to van't Hoff's law the ideal crystalloid osmotic gradients acting across the peritoneal membrane are related to the transperitoneal concentration gradients by:
where RT is the product of the gas constant and the temperature in degrees Kelvin (19.3 mm Hg/mmol/liter) and where C is the plasma solute concentration and CD the concentration of solute in the dialysate as a function of time. Initial (t = 0) i.p. solute concentration [CD(O)} was calculated from the solute concentration in the dialysis fluid prior to instillation (CDS), the plasma solute concentration (C1,) and also from the residual i.p. volume (VR) and the dialysis fluid volume (V0):
The alterations in CD with time [CD(t)] was obtained from simple mass balance considerations. During a short time interval (st) the change in CD for either glucose, urea or sodium chloride [from CD(t) to CD(t+t)] is obtained from:
where V(t) here includes the residual volume (VR) and where Cl is the "unidirectional" peritoneal clearance of solute (12) as defined by:
In this non-linear [221 flux equation, as modified to describe unidirectional transport, Pe is a modified Peclet number, that is, Pe = J(lo)/PS and cr is the osmotic jnfl pore reflection coefficient of the solute (eq. 13). During control, small solute PS values, with the exception of PS for glucose, were calculated for an "unrestricted" pore area over unit diffusion distance (A0/x) of 27,000 cm consistent with current results from peritoneal equilibration tests (PET) U, 23]. PS for glucose had to be increased from 10.2 mI/mm (as predicted for A0/x = 27,000) to 15.5 mI/mm to make experimental data fit the model. (6) is the transperitoneal volume flow occurring through small pores [12] as obtained by:
where s stands for small pores, and where a is the fraction of total hydraulic conductance accounted for by small pores. In a similar way, the large pore and the transcellular volume flows, and can be obtained [12] by inserting the appropriate values of a (fractional hydraulic conductance) and a-for every solute and pore size (compare with Table 1 ).
Osmotic reflection coefficients were calculated from the expression [24]:
a-= 16/3y2 -20/3,' + 7/3-y4 (13) where y is solute radius over pore radius for either small or large pores. o• for the transcellular (ultra-small pore) pathway was set to unity for all solutes considered. For the three-pore model employed here the average reflection coefficients for the entire heteroporous membrane (in eq. 1) due to small pore (s), large pore (L) and transcellular (c) partial a-'s, respectively, are weighted by the respective fractional hydraulic conductances accounted for by either pore system, that is, by a, aL and a. Thus (since = 1):
a-= a + ao + aLa-I (14) This treatment of transperitoneal fluid transport using lumped reflection coefficients is equivalent to using equation I (omitting L) separately for either of the peritoneal fluid conductive pathways (compare with eq. 12) and then summing up the partial volume flows (J, J,, J,) and the lymph flow (L) to obtain the net fluid flow (J,) across the peritoneal membrane.
The dialysate osmolality was calculated as the sum of the computed i.p. glucose, urea and twice the sodium concentrations in the dialysate. It was then assumed that sodium chloride and sodium lactate are fully dissociated compounds, which is not quite correct. On the other hand, we did not take into account the presence of i.p. calcium, magnesium, etc., so the total dialysate osmolality will hardly be overestimated.
Results
Control conditions
Effects of variations of the glucose concentration in the dialysis solution. Figure 1 shows computer simulated drained volume versus time [V(t)] curves obtained by varying the (11) glucose concentration in the dialysis solution and using the parameters listed in Table I . Setting PS for glucose at 15.5 (7) 
C mI/mm makes the curves fit nearly exactly to our previously published experimental drained volume versus time relationships for 3.86 and 1.36% glucose in the dialysis solution [8] . The value of glucose PS of 15.5 mi/mm was employed for control conditions throughout this study. This rather "high" PSg as selected to fit the model to our previous data is discussed below. In the figure, the glucose concentration in the dialysis solution (prior to instillation) is altered from zero (NaCI curve) to 4.5%. The V(t) curves largely follow the predictions of equation 3 . Thus it is mainly the "height" of the curves (a,) that increases with increasing glucose concentration and Cg0. To a lesser extent, however, the time at which the V(t) curves peak (tpeak) also increases with increasing dialysate glucose concentration.
Dialysate sodium, glucose and total osmolality versus time during cycles with either 1.36 or 3.86% glucose in the dialysis fluid. Due to the heteroporous nature of the peritoneal membrane such as predicted by the present three-pore model, a considerable fraction (40 to 50%) of the transperitoneal osmotic fluid flow induced by a large glucose osmotic gradient will occur through the "ultra-small pore" (transcellular) peritoneal pathway. Thus, even though the peritoneal membrane is highly permeable to small solutes, there will be a sieving of small solutes (mainly sodium chloride) across the peritoneum during the first few hours of the dwell. This is illustrated in Figure 2 . This figure depicts the computer simulated sodium concentration in the dialysate as a function of time for 1.36 or 3.86% glucose in the dialysis fluid. Plasma sodium concentration is set at 140 mmol/liter.
Note that the sodium concentration in the dialysate reaches a minimum (of 118.5 mmol/liter) at 90 minutes for the 3.86% (glucose) dialysis fluid and of 132 mmol/liter at approximately 50 minutes for the 1.36% solution, respectively. Furthermore, for the 3.86% solution the dialysate sodium concentration lies below that in plasma during more than nine hours of the dwell! This general pattern is very close to that recently reported by HeimbUrger et al [7] during 3.86% Dianeal dwells in CAPD patients. The "normal" patients in that study reached a mini- dwell. Note also that the tpeak occurs long before the i.p. glucose concentration reaches plasma values.
As presented in Figures 2 and 3 , the i.p. glucose and sodium chloride concentrations both fall during the first 60 to 90 minutes of the dwell. Later during the cycle, the concentration of sodium and its anions (chloride and lactate) will increase while there is a continuing fall in i.p. glucose concentration. Hence, the initial rapid fall in dialysate osmolality, partly occurring due to dilution, partly due to glucose diffusion, slows down considerably after 50 to 90 minutes. This is illustrated in Figure 4 , showing the simulated dialysate osmolality versus time for 1.36% and 3.86% (glucose) dialysates. The general pattern shown here agrees well with that measured in normal CAPD patients [7, 11] .
Effects on i.p. volume versus time [V(t)] curves of variations of peritoneal surface area (S)
The effective peritoneal exchange surface area may increase in CAPD patients due to, for example, capillary "recruitment," implying that the number of effectively perfused capillaries is increased. This is usually seen in inflammation (compare with peritonitis). Decreases in S may occur due to, for instance, formations of peritoneal adhesions. 
Effects of variations in peritoneal UF-coefficient (LS)
According to equation 4, changes in LS will not significantly affect the tpeak. However, according to equation 3 the height of the V(t) curves should be highly dependent on LS. This is illustrated in Figure 6 , showing the computer simulated results of varying LS on V(t) curves for 3.86% glucose in the dialysis fluid. LS is varied from 0.082 mI/mm/mm Hg (control or "1.0") in the range of 0.1 to 1.7 times control. Note how small variations in LS markedly affect the height of the curves. Increases in LS implies increases both in the initial UF-rate and in the peritoneal-to-blood absorption rate (a2) ensuing upon the curve peak (compare with eq. 5).
Effects of variations in PS ("MTAC")for glucose PSg
Increasing PS for glucose, while keeping LS at 0.082 ml! mm/mm Hg, will, according to equations 3 and 4, reduce both the tpeak and the curve height (a1). This is illustrated in Figure 7 showing the computer simulated results for 3.86% glucose when PS for glucose is perturbed from control (15.5 mI/mm denoted "1.0") to range from 0.5 to 3 times control. Note that an increased PSg will markedly reduce the volume ultrafiltered during a 240 to 300 minutes (4 hr to 5 hr) dwell. The pattern of V(t) alterations seen when PS is increased relative to LS apparently mimics that shown by a certain number of patients who have been on CAPD for several years (3 to 7). Thus, quite few patients will present a reduced UF-capacity on long-term CAPD treatment.
Effects of variations in dialysis fluid volume (V,,) and in peritoneal residual volume (VR)
The computer simulated results of varying the fluid volume instilled for 3.86% glucose in the dialysis fluid when peritoneal residual volume is set to 300 ml, are shown in Figure 8 . Again there is good agreement between simulations and theoretical predictions according to equations 3 and 4. Thus, an increased V will increase both a1 and tpeak. Control curve is obtained for an instilled volume of 2,050 ml (2.05 liter), and curves simulated for infused volumes ranging from 1,050 ml (1.05 liter) up to 3,050 ml (3.05 liter) are shown for comparison.
Altering the residual volume will affect the transperitoneal glucose concentration at time zero (C) as well as the total intraperitoneal volume. Thus, changing the residual volume would, according to equations 3 and 4, affect both the height of the curves and the tpeak. This is shown in Figure 9 , where the i.p. residual volume is varied from 0 to 1,500 ml for an instilled volume is 2,050 ml and a glucose concentration in the dialysis fluid of 3.86%.
Effects of variations of peritoneal lymph flow (L) An increased lymph flow partly offsets the dialysate's potential of removing body fluid by ultrafiltration (osmosis) during PD. In Figure 10 the computer simulated results of increasing L from 0 mI/mm via "control", that is, 0.3 ml/min [8, 19, 271 , to 2 mI/mm [28, 291 during a 3.86% Dianeal® dwell is depicted. With this increase in L the total rate of fluid absorption from the peritoneal cavity to the blood increases from 0.90 to 2.9 mI/mm, making the curve tails become steeper with increasing lymph flows. This pattern of V(t) alterations towards a reduced capacity of UP is different from that seen when PS for glucose alone is increased. However, as shown previously [81, when the total peritoneal to blood absorption rate remains unaltered at control ( 1.2 mllmin), then only a limited range of L values is theoretically possible (0.3 to 0.7 mllmin) under the provision that the peritoneal membrane "sieving coefficients" for small solutes are 0.3 [8] .
Theoretical result of varying the small pore radius (r) Inflammatory increases in microvascular permeability are usually the result of the formation of interendothelial gaps (large pores), preferentially in venular endothelium, caused by inflammatory mediators, such as histamine-type mediators and/or cytokines [30, 311. It can be shown that large pore formation would not markedly affect the IPV versus time curves. Furthermore, the small pore system is usually not significantly affected by inflammation [30, 32] . Still it would be of theoretical interest to study how variations in r would affect the V(t) curves.
In Figure 11 the small pore radius is increased from 36 A, via 47 A (control curve) to 80 A, keeping the total pore area over unit diffusion distance (A0/ix) constant at 27,000 cm. Again the simulations are made for 3.86% glucose in the dialysate. Note that the tpeak will be reduced when r is increased, whereas there is a tendency that the height of the curves (a1) increase. This follows from equations 3 and 4. Increasing rwill increase LS more than PSg, since LS is related to the fourth power of r according to Poiseuille's law, while PS is related to r (via S) by its second power. Furthermore, 0g is related to r by equation 12. Thus, when r is increased, the numerator of the expression to the right in equation 3 will in most instances increase more than the denominator, provided that the fall in o is small, and hence, a1 is increased. Furthermore, when r increases, then PS will increase, and hence, the tpeak is reduced.
Effects of simultaneously increasing peritoneal surface area (S), the number of large pores (AL) and the peritoneal lymph flow (L)
During peritonitis the V(t) curves usually peak early (the speak is reduced). The height of the V(t) curves may decrease, increase or remain unchanged [4, 33, 34] . These changes may be simulated by simply increasing the number of effectively perfused capillaries, implying increases in the peritoneal surface area (S). The effect of increasing S alone has been demonstrated in Figure 5 . In peritonitis vascular permeability is also increased and, as mentioned above, this is usually due to an increase in large pore number, which will greatly enhance the leakage of proteins from the blood to the peritoneal cavity [30] [31] [32] [33] . Furthermore, lymph flow (L) is expected to increase. In Figure 12 simulations of V(t) curves are made for both 1.36% and 3.86% glucose in the dialysate. S is here increased by 70%. The ratio of large pore to small pore number is increased one order of magnitude (from 1/14,970 to 1/1,497). L is either unchanged at 0.3 mllmin (hatched line) or is increased to 1 mI/mm (dotted line). Control curves for 1.36 and 3.86% glucose are represented by solid lines. As a result of these perturbations (regardless of the assumptions for L), LS was found to increase from 0.082 to 0.201 mI/mm/mm Hg and aL increased from 0.05 to 0.35. Furthermore, cs dropped from 0.935 to 0.64 and a decreased from 0.015 to 0.010. According to equation 14, for glucose (ok) decreased from 0.043 to 0.030 and u for Na dropped from 0.026 to 0.018. Simultaneously, if for albumin fell from 0.90 to 0.64. Somewhat surprisingly, the shape of the IPV versus time curves was only little affected by the increase in large pore number.
Increasing the surface area (5) further than in this example will make the V(t) curves peak even earlier, and the steepness of the curve tails will increase further. If PS for glucose increases out of proportion to LS, then the curve height (a1) will tend to decrease. The specific example of changes in peritoneal exchange parameters compatible with peritonitis depicted here is, of course, just one of many possibilities.
Increases in S. conceivably through recruitment of capillaries, seem, however, to play a key role in peritonitis, leading to a "leftward" displacement of the V(t) curves and an increased rate of fluid absorption (a2) from peritoneum to blood.
Discussion
The present computer simulations of the variations in drained peritoneal dialysate volume as a function of time, V(t), during a single PD cycle are based on a three-pore model of peritoneal permselectivity. This model is founded on current concepts valid for transmicrovascular transport. The main elements of this heteroporous model are: the small pore (paracellular path-way) radius (r), the peritoneal UF-coefficient (LS), the fractional UF-coefficient accounted for by small pores (as) and by a transcellular fluid conductive pathway (ac), respectively, and the glucose permeability-surface area product (PSg or MTAC5).
To be able to model the absorption of fluid from the peritoneal cavity to the blood occurring after three to six hours, assumptions had also to be made concerning the peritoneal lymph flow (L) and the capillary "Starling forces" (P and °prot 1Tprot).
The major non-membrane parameters determining transperitoneal fluid exchange are: the volume and glucose concentration of the dialysate instilled (mass of glucose administered) and the residual intraperitoneal volume. Changes in large pore number of radius, at least within the range expected during inflammation, were not, however, found to markedly affect the peritoneal fluid balance. Neither did fluctuations of plasma solute concentrations (urea, glucose or sodium) within mmoles/ liter have any major influence on transperitoneal fluid exchange.
The computer assisted numerical integration of the functions describing the instantaneous transperitoneal volume flow /dv --orJv generated V(t) curves which were in good agreement with predictions based on (approximate) analytical integrations of (dv \dt [8] . Thus, the height of the V(t) curves, a1, proved to be dependent on the ratio of LS to PSg as well as on the glucose concentration and of the volume of the infused dialysis solution.
Hence, the height of the curves is largely independent of peritoneal surface area. Furthermore, the peak time of the V(t) curves, was found to be inversely proportional to the PSg but directly proportional to intraperitoneal fluid volume. These predictions follow directly from equations 3 and 4.
There are several interesting implications of equations 3 and 4. For example, in children, the V(t) curves for any dialysis fluid glucose concentration would peak earlier than in adults, mainly due to the lower volume of the solution infused. Even though the PSg would also be lower in children than in adults, the ratio V volume -(length scale)3
PSg area -(length scale)2 would actually be lower too. Hence, the tpeak must be reduced in children (eq. 4), as is also generally observed clinically [35] . An increased L may, however, also contribute to the reduced tpeak seen in children [35] .
During peritonitis IPV versus time curves often show
changes which are compatible with increases in both small solute PS (and PSg) and in LS. Inasmuch as PSg and LS are increased to the same extent, these alterations comply with an increased surface area (5) , probably generated by inflammatory recruitment of microvessels ( Fig. 5 ). During peritonitis PS may, however, in some cases increase more than LS, and in this case the curve height is markedly reduced (compare with Fig.  7 ). The increase of small solute PS (and PSg) occurring in some patients on long-term CAPD treatment are usually also not Control curve is generated for an instilled volume of 2,050 ml and a dialysate glucose concentration of 3.86%. Residual volume is 300 ml. The present model is a "lumped parameter" model treating the blood-peritoneal barrier as a simple membrane analogous to continuous capillary walls. This membrane is assumed to contain two major fluid conductive pathways coupled in parallel, small (paracellular) pores and ultra-small (cell membrane) pores, and a third parallel pathway, large pores, permitting macromolecules to be filtered to the interstitium. The large pore pathway is, however, of negligible importance for fluid transport driven by crystalloid osmosis. More sophisticated models also take into account transport resistances coupled in series. Thus, considering the major peritoneal barrier to be the capillary walls, they also include the interstitium and the mesothehum [25, 26] . Such "distributed model" approaches would be more accurate than the present "single membrane" model. On the other hand they are of much greater complexity [25, 261. Thus, the present model is easily run on a simple pocket PC. Distributed models predict the presence of solute concentration gradients in the interstitium throughout the cycle. Hence, according to such models the crystalloid osmotic gradients acting across the capillary membrane proper will be considerably lower than modelled here. Otherwise the general predictions regarding the V(t) curves from the present model and from distributed models are similar. However, both distributed models and the present simple parallel pathway model suffer from the problem that they do not accurately predict the concentration of glucose in the dialysate over time, especially after approximately two hours of the cycle (compare with Fig. 3 ).
The rate of dissipation of the apparent "driving" osmotic gradient across the peritoneal barrier in our model and in the distributed model of Seames et al [26] is thus considerably faster than the dissipation rate of the measured i.p. glucose concentration alone. This can only be partly explained by dilution effects following the often massive transcellular water movement (UF) occurring during the early phase of the cycle. Such a dilution of the dialysate gradually creates a large sodium chloride (and sodium lactate/bicarbonate) osmotic gradient RI. NaCI), (compare with eq. 6 and 8) in the present simulations. This gradient initially opposes the glucose osmotic gradient, and though it cannot fully explain the rapid dissipation of the driving osmotic gradient over cycle time, it contributes to this phenomenon. In order to fit our model to previous experimental V(t) curves during control, which reflect the mentioned rapid dissipation of the driving peritoneal osmotic gradient [81, PS for glucose in this study had to be set approximately 50% higher than predicted from our assumed value of A0/Ax. A distributed model of peritoneal transport can account for this internal inconsistency between model parameters s nJ if there are marked changes of the interstitial solute concentration profiles with dwell time. Interstitial gradients thus have to become progressively steeper over the course of the cycle, that is, solute transport resistances in the interstitium have to increase with cycle time. One way to conceptualize such alterations is to think of interstitial "Unstirred fluid layers" that gradually build up over cycle time due to the decreasing impact over the dwell of transmembrane convection. This may at first seem speculative, but from previously published PET data [1] it seems evident that PS values for small solutes are 40 to 50% higher during the first 60 minutes of the dwell than subsequently [23] . This would support the notion that "unstirred layers" may actually contribute to peritoneal transport characteristics [2, 4] by gradually building up and enhancing the rate of dissipation of the effective crystalloid osmotic gradient over the course of the cycle. In the present model we have compensated for effects of this kind by increasing the value of PSg above that predicted from the assumed value of A0/x.
In the present simulations the peritoneum is considered to be very selective with regard to both solute transport and osmosis (UF). Hence, whereas the ratio of the free diffusion coefficient of glucose (9.0 . l0_6 cm2/sec) to that of albumin (9.3 l0 cm2/sec) is approximately 10, the ratio of calculated "unidirectional clearances" ( PS values) of these solutes is over 100 (compare with Table 2) for the parameters selected and in agreement with measured clearance data [1, 5-7, 12, 18, 36] . Furthermore, o• for glucose is here 0.043 and that of albumin 0.9, although, due to the heteroporous nature of the peritoneal barrier, the glucose sieving coefficient is as low as 0.6. By contrast, Bell et al [37] found a very low degree of diffusional A0/LX is set to 27,000 cm. Note that PS (PS for glucose) calculated in this way is 34% lower than the value (15.5 mI/mm) fitting to our previously published V(t) curves [8] . Solute radius of creatinine was set to 3.0 A. a Note that the calculated albumin "PS" here represents the "unidirectional clearance" of albumin (comprising both albumin diffusion through small pores and albumin convection through small and large pores) for a net transperitoneal volume flow of 1.0 mI/mm (calculated according to the parameters in Table 1 ). For the three-pore model, a unidirectional clearance of albumin of 0.12 [12] is obtained when r is set at 52 A. The pure diffusional albumin transport coefficient given in parenthesis is very low. restriction in the rabbit peritoneum of the passage of different size dextrans, at variance with rabbit dextran clearance data published by others [38] [39] [40] . Yet rabbit peritoneal permselectivity with respect to osmosis (UF) was found to be unproportionally high. The sieving coefficients of dextrans across the rabbit peritoneal membrane in their study conformed to a two-pore membrane model comprising a few 300 A 'large pores", accounting for 0.3% of the total pore area, and as much as 43% of the LS, together with a large number of very small pores, 20 A in radius.
We cannot find that this apparent inconsistency between osmotic and permeation barrier properties of the rabbit peritoneal membrane, exposed to extensive surgery [37] , characterizes the normal human blood-peritoneal exchange. It may be explained by methodological differences, species differences and the use of dextrans as molecular probes for membrane selectivity in the rabbit model. Dextrans are long-chained flexible molecules that can "reptate" across pores which are smaller than the Stokes radius of the molecule itself [41] .
In conclusion, the present simulations are based on a parallel pathway membrane model derived from capillary physiology, and it comprises a large number of paracellular small pores (radius -45 to 50 A), accounting for 90 to 95% of the UF-coefficient, and a small number of large pores (radius 250 A), accounting for =5% of LS, and, in addition, a "transcellular" fluid conductive pathway, accounting for I to 2% of LS.
Although it is a simple "lumped parameter" model, easily handled on a pocket PC, it seems to be a useful tool for describing transperitoneal volume shifts during normal and perturbed conditions in CAPD. The presence of transcellular pores offers an explanation of the fact that small solute sieving coefficients in the peritoneal membrane during large glucose induced osmotic UF-flows are approximately 0.5 to 0.7 [42] , and not near unity, as predicted by a strict two-pore model [12] . Furthermore, in the present simulations, the peritoneal lymph flow (L) was less than 0.5 ml/min, which is consistent with a description of the peritoneal fluid exchange during CAPD in line with current hydrodynamic theories [8] .
